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Abstract Members of the 14-3-3 protein family have
been identiﬁed as regulatory molecules in intracellular
signaling pathways and cell cycle control. Previously, the
ﬁrst Echinococcus 14-3-3 isoform (E14-3-3.1) was iso-
lated from E. granulosus and E. multilocularis metaces-
tode stages. Hyperexpression of this isoform was
claimed to be associated with non-restricted tumor-like
growth of the E. multilocularis metacestode. In this re-
port, we describe the characterization of a 14-3-3 cDNA
from E. granulosus and E. multilocularis corresponding
to a second isoform of this family, E14-3-3.2. The
characterized 14-3-3 gene was interrupted by two introns
whose sequence and positions were conserved in both
Echinococcus species. The deduced amino acid sequence
of E14-3-3.2 showed 88% identity to the E14-3-3.1 iso-
form and 52% identity to a third Echinococcus isoform
(E14-3-3.3) described by other authors. These ﬁndings,
coupled to Southern blot analysis, suggest the presence
of more than one 14-3-3 gene in Echinococcus. Phylo-
genenetically, the Echinococcus 14-3-3.1 and 14-3-3.2
isoforms appeared to cluster with zeta-type (‘‘pro-
tumorigenic’’) 14-3-3 isoforms from closely related
organisms, whereas the E14-3-3.3 isoform grouped with
14-3-3 epsilon isoforms. The presence of more than one
14-3-3 isoform might indicate isoform-speciﬁc roles in
the diﬀerent parasite stages of Echinococcus.
Introduction
Echinococcosis is a worldwide zoonotic disease, with
Echinococcus granulosus and E. multilocularis being the
most studied species . The larval stage, the metacestode,
develops in several mammalian intermediate host spe-
cies, including humans, while the adult tapeworm gen-
erally develops mainly in dogs and foxes. The adult
worm reproduces sexually, while asexual proliferation
takes part inside the metacestode (Thompson 1995). One
of the major physio-morphological diﬀerences between
E. granulosus and E. multilocularis lies in the metaces-
tode structure and growth behavior. More speciﬁcally,
the E. granulosus metacestode is represented by an uni-
locular, ﬂuid-ﬁlled, slowly-growing cyst, consisting of an
inner germinal layer, a subsequent laminated layer
and an external adventitial tissue, the latter produced by
the host. The E. multilocularis metacestode includes
basically the same tissue structures. It is, however,
multivesiculated and exhibits inﬁltrative proliferation,
tumor-like behavior and no restrictive host–tissue bar-
rier (Siles-Lucas et al. 2001). For E. multilocularis, a
putative relationship between the stage-speciﬁc over-
expression of the parasite 14-3-3 protein and the non-
restricted growth of the E. multilocularis metacestode
has been proposed (Siles-Lucas et al. 1998, 2001).
Initially discovered at high expression levels in the
mammalian brain, the 14-3-3 proteins were later isolated
from a wide range of eukaryotic organisms and cell
types. In mammals, seven 14-3-3 isoforms have already
been described. These are found diﬀerentially expressed
in a variety of tissues and are associated with several key
cell-cycle molecules, suggesting multifunctional roles for
the 14-3-3 proteins (Aitken et al. 1992; Jones et al. 1995).
Similar to what is described for the actin protein family,
14-3-3 isoform-speciﬁc sequences are conserved among
eukaryotes (Wang and Shakes 1996; Rosenquist et al.
2000; Ferl et al. 2002).
The 14-3-3 proteins are also found in parasites, e.g.
Schistosoma mansoni, in which three isoforms have
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already been described (Schechtman et al. 1995; McG-
onigle et al. 2001, 2002).
In Echinococcus, the presence of a second 14-3-3
isoform was suggested, as detected by immunoblot and
immunolocalization in E. granulosus adult worms (Siles-
Lucas et al. 2000). A putative third isoform from this
cestode was later identiﬁed by Ferna´ndez et al. (2002).
The presence of additional 14-3-3 isoforms in Echino-
coccus cannot be ruled out. Furthermore, 14-3-3 gene
organization, intron–exon structure and genetic pro-
cessing for each isoform are still unknown in this para-
site genus.
In the present work, a polymerase chain reaction
(PCR)-based approach was used to investigate both the
genetic structure of the 14-3-3 gene(s) in E. granulosus
and E. multilocularis and also to isolate and characterize
other possible 14-3-3 isoforms from diﬀerent parasite
stages (adult worms, protoscoleces, metacestode tissue)
of Echinococcus species.
Materials and methods
Parasite material and nucleic acid (DNA, RNA)
extraction
Echinococcus granulosus protoscoleces and metacestode
tissue (germinal layer) were obtained from naturally
infected cows at local abattoirs in Rio Grande do Sul
(Brazil). E. granulosus adult worms were kindly provided
by Dr. Malgor (Unidad de Biologı´a Parasitaria, Facul-
dad de Ciencias, Instituto de Higiene, Universidad de la
Republica, Montevideo, Uruguay). E. multilocularis
metacestode tissue samples (isolate KF5) were obtained
either from experimentally infected mice or from in vitro
culture-derived material, as described by Siles-Lucas
et al. (1998).
E. multilocularis adult worms were kindly provided
by Dr. P. Deplazes (Institute of Parasitology, University
of Zurich, Switzerland). Total RNA from all the above-
mentioned samples was extracted using the Trizol re-
agent (Life Technologies, Basel, Switzerland) according
to the manufacturer’s instructions. Total genomic DNA
from both parasite species was extracted by standard
procedures, as described by McManus et al. (1985).
Southern blot analysis
For Southern analysis, 10 lg of E. granulosus total
genomic DNA was digested with EcoRI, HincII, Hin-
dIII, SalI or XhoI (Life Technologies, Rockville, Md.).
After digestion, the respective products were separated
by agarose electrophoresis in Tris-borate-EDTA (TBE)
buﬀer, transferred onto positively charged Nylon
membranes (Hybond-N+; Amersham Biosciences,
Little Chalfont, UK) by capillary action, dried and
cross-linked at 80 C for 2 h. A speciﬁc DNA probe,
consisting of the cDNA fragment corresponding to
nucleotides 57–365 of the E. granulosus 14-3-3 isoform 2
isolated in this work, containing an internal HincII site,
was obtained through PCR using the primer pair 12AA
(degenerated; 5¢-GCGAARCTTGCBGARCARGC-3¢)
and 65U (5¢-GCTTCAGCACCAATTTTCTC-3¢). This
308-bp fragment was radioactively labeled with a32-
dCTP, using the Random primer DNA labeling system
(Life Technologies, Rockville, Md.) according to the
manufacturer’s instructions. Probe hybridization on the
membrane containing the digested E. granulosus geno-
mic DNA was carried out at 60 C overnight, followed
by four consecutive 15-min washes in 5·, 2·, 1· and 0.5·
0.3 M standard sodium citrate buﬀer plus 0.1% SDS at
40 C.
RT-PCR and PCR ampliﬁcation
First-strand cDNA was synthesized from E. granulosus
and E. multilocularis adult worms, protoscoleces and
metacestode tissue using Superscript reverse transcrip-
tase (Life Technologies, Basel, Switzerland) or the
5¢RACE/3¢RACE kit (Boehringer, Mannheim, Ger-
many) as recommended by the manufacturer. The
cDNAs were subsequently subjected to PCR reactions,
using the 5¢RACE anchor primer (Boehringer, Mann-
heim, Germany) and the Echinococcus 14-3-3 E2U spe-
ciﬁc primer (5¢-CTCAATCAGAACCACGACAG-3¢).
For Echinococcus genomic DNA ampliﬁcation, PCR
reactions were done with speciﬁc iso2 (5¢-AT-
GGCAGCTATCACCTCTTGG-3¢) and E2U primers.
All PCR reactions were performed with 100 mmol of
each dNTP, 100 ng of each primer and 1 unit of Taq
DNA polymerase, plus respective buﬀer (Cenbiot,
UFRGS. Porto Alegre, Brazil), in a ﬁnal volume of
50 ll. Reactions were run for 35 cycles of 94 C for 40 s,
50 C for 1 min and 72 C for 1 min, with a ﬁnal
extension step of 72 C for 5 min.
Cloning and sequencing of speciﬁc DNA fragments
PCR-ampliﬁed products were separated by electropho-
resis through TBE-agarose gels. Corresponding bands
were excised from the gel and puriﬁed using the
GFXTM-PCR-DNA and Gel band puriﬁcation kit
(Amersham Biosciences), following the manufacturer’s
instructions. Puriﬁed PCR amplicons were directly se-
quenced (see next section) or cloned into the pGEM-T
vector (Promega, Madison, USA), again following the
manufacturer’s instructions. Corresponding ligation
reactions were used for the transformation of Escheri-
chia coli XL1-Blue competent cells, according to a pro-
tocol described by Sambrook et al. (1989). Selected
recombinant colonies were grown and corresponding
recombinant plasmids were extracted using the PeqLab
kit (Stratagene, La Jolla, Calif.). PCR products and
recombinant pGEM-T vectors were either automati-
cally sequenced (Microsynth, Basel, Switzerland), or
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manually sequenced by the dideoxy chain-termination
method (Sanger et al. 1977) using the Thermo Sequenase
radiolabeled terminator cycle sequencing kit (Amersham
Biosciences) and the Model SA adjustable sequencing
gel electrophoresis system (Life Technologies, Rockville,
Md.) according to the manufacturers’ instructions.
Primers T7 and M13 were used for pGEM-inserted se-
quences and primers iso2 and E2U for puriﬁed PCR
products.
Alignments, phylogenetic analysis and gene structure
comparison
The speciﬁc 14-3-3 sequences from both E. granulosus
and E. multilocularis genomic DNA and cDNA frag-
ments obtained during our experiments, together with
those from the same species available in GenBank
(accessions AF529418, AF529419, BF643012), were
aligned using the CLUSTAL X (Thompson et al. 1997)
and TEXshade (Beitz 2000) computer programs. The
putative translation of the above-mentioned sequences
was used to construct a second alignment (see Fig. 1). In
order to perform a phylogenetic analysis, a third align-
ment was done with the three Echinococcus putative
protein sequences corresponding to isoforms 1, 2 and 3,
including also those 14-3-3 protein sequences from other
organisms used in the phylogenetic analysis performed
by Wang and Shakes (1996), plus the GenBank-avail-
able sequences of the 14-3-3 protein from Schistosoma
(see Fig. 4). A neighbor-joining distance tree was ob-
tained from the full alignment of the core region of
diﬀerent 14-3-3 isoforms from several organisms, using
the MEGA ver. 2.1 program (Kumar et al. 2001).
Genomic DNA sequences from both E. granulosus
and E. multilocularis, compared with the corresponding
gene sequences in Caenorhabditis elegans (GenBank
Z73910 and Z66564), Plasmodium knowlesi (GenBank
AF065986) and P. falciparum (GenBank AF065987),
were used for the construction of a gene physical
structure map (see Fig. 2), as described by Voigt et al.
(2000) and DeLille et al. (2001).
Results
Cloning, sequencing and sequence analysis
Sequencing of 14-3-3 cDNAs from Echinococcus granu-
losus and E. multilocularis obtained by PCR showed a
774-bp open reading frame for adult worms, protos-
coleces and metacestode tissue, subsequently called iso-
form 2 (E14-3-3.2). Putative translation of sequences
provided three proteins of 248 amino acids, which were
identical, except for single substitutions (at position 187
in isoform 2.3 and position 241 in isoform 2.2; see
Fig. 1). The three proteins showed the characteristic
motifs of the 14-3-3 family (Wang and Shakes 1996).
The E14-3-3.2 sequence presented minor diﬀerences
from those previously published for the metacestode
stage of both species (Siles-Lucas et al. 2001; GenBank
AF207904, U63643), subsequently called Echinococcus
14-3-3 isoform 1 (E14-3-3.1). It also presented major
Fig. 1 Alignment of Echinococcus granulosus and E. multilocularis
14-3-3 predicted amino acid sequences. The alignment was
generated using the ClustalX and TEXshade computer programs.
Isoform 1.1 E. granulosus metacestode tissue, Isoform 1.2
E. multilocularis metacestode tissue, Isoform 2.2 E. granulosus
adult worms, Isoform 2.3 E. multilocularis adult worms, Isoform
2.1 E. granulosus and E. multilocularis adult worms, Isoform 3
E. granulosus protoscoleces, Consensus consensus sequence. Iden-
tical amino acids are shaded in black. Boxes correspond to similar
regions. Dots indicate gaps in the generated alignment. Upper case
indicates conserved residues in all aligned sequences, lower case
indicates conserved residues in 60–80% of the aligned sequences
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diﬀerences with a third, 5¢-end truncated sequence, iso-
lated from E. granulosus protoscoleces (Ferna´ndez et al.
2002) and subsequently called Echinococcus 14-3-3 iso-
form 3 (E14-3-3.3, GenBank BF643012; see Fig. 1).
The following diﬀerences were observed regarding
both composition and length of the sequences:
1. E14-3-3.2 presented four additional amino acids
when compared with E14-3-3.1.
2. The N-terminal region was the most divergent
between both above-mentioned sequences.
3. The overall identity between the isoforms, compared
with isoform 1.1 (from E. multilocularis metacestode
tissue) were 95% (isoform 1.2), 88% (isoforms 2.1,
2.2, 2.3) and 52% (isoform 3; see Fig. 1).
To analyze the Echinococcus 14-3-3 genomic DNA
sequences, PCR was carried out using the speciﬁc prim-
ers iso2 and E2U on total DNA from E. granulosus and
E. multilocularis and the 14-3-3 genomic sequences from
both species obtained here proved to be very similar
(97% identity). The genetic structure of both sequences
was compared with homologous genes in other organ-
isms. As shown in Fig. 2, the genomic sequences from
both Echinococcus species contained three exons, inter-
rupted by two introns which were highly conserved in
their positions and sequences. Exon–intron boundaries,
which lay outside functional domains, were found to be
conventional in both species (data not shown).
Southern analysis
To verify 14-3-3 gene copy numbers in Echinococcus,
total DNA from E. granulosus was digested with several
restriction enzymes, transferred to a Nylon membrane
and hybridized with an Echinococcus 14-3-3-speciﬁc
probe (see Materials and methods). DNA digested with
EcoRI, SalI and XhoI, which do not cut within the
known Echinococcus 14-3-3 cDNA and genomic DNA,
resulted in seven, two and two hybridization bands with
diﬀerent intensities, respectively (see Fig. 3). Corre-
sponding patterns with HincII and HindIII, which
putatively cut once each inside the E. granulosus geno-
mic DNA sequence (although at sites that lay either
before or after the sequence of the probe used for
hybridization; data not shown), exhibited six and four
hybridization bands with diﬀerent intensities, respec-
tively.
Phylogenetic analysis of the Echinococcus 14-3-3 protein
Putative sequences from the E14-3-3.1, E14-3-3.2 and
E14-3-3.3 protein isoforms were aligned with selected
homologous sequences from other organisms (see
Materials and methods). This alignment was further
used for the construction of a phylogenetic tree, showed
in Fig. 4. The Echinococcus 14-3-3.1 and 14-3-3.2 se-
quences clustered in a separate group from the Echino-
coccus 14-3-3.3 isoform. Isoforms 1 and 2 clustered
with 14-3-3 sequences from eukaryotes (mostly mam-
mals), including two Schistosoma 14-3-3 sequences. The
third Echinococcus isoform integrated within the group
corresponding to 14-3-3 sequences from Schistosoma,
described as the epsilon isoform.
The sequence data reported herein have been
deposited in GenBank under accessions AF529418,
AF529419, AF529420.
Fig. 2 Physical structure of 14-
3-3 genes. C.e. ftt-1 and C.e. ftt-
2 Caenorhabditis elegans
(GenBank Z73910, Z66564),
E.g. 14-3-3.2 E. granulosus,
E.m. 14-3-3.2 E. multilocularis,
P.k. 14-3-3Plasmodium knowlesi
(GenBank AF065986), P.f. 14-
3-3 P. falciparum (GenBank
AF065987). Boxes represent
exons while lines represent
introns. Numbers indicate
amino acid positions at the
beginning and the end of each
exon
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Discussion
The 14-3-3 proteins have been described as key mole-
cules in eukaryotic cell biology (Aitken et al. 1992).
These proteins were present in several isoforms in the
same organism, resulting in the presence of isoforms or
counterpart (orthologous) sequences (Wang and Shakes
1996). Thus, one speciﬁc isoform of a deﬁned organism
shared higher identities with the corresponding isoform
in other organisms than with other isoforms from the
same organism.
The presence of several 14-3-3 isoforms within the
same organism seems to be a general rule (Rosenquist
et al. 2000; McGonigle et al. 2002). Recent ﬁndings
suggest that diﬀerences between isoforms can reﬂect a
cell-speciﬁc localization and/or a distinct functionality
(Rosenquist et al. 2000). In Echinococcus, a ﬁrst 14-3-3
isoform expressed in metacestode tissues was described,
and its over-expression was related with the non-re-
stricted growth potential of the E. multilocularis metac-
estode (Siles-Lucas et al. 1998; E14-3-3.1). Later, the
presence of a second isoform was suggested, functionally
related with metabolic (excretory/secretory) processes in
Echinococcus adult worms (Siles-Lucas et al. 2001). Fi-
nally, a third isoform was isolated and sequenced from
E. granulosus (Ferna´ndez et al. 2002; E14-3-3.3), but no
putative functionality has so far been assigned to this
last isoform.
We now report the identiﬁcation and isolation of
the second Echinococcus 14-3-3 isoform (called here
E14-3-3.2), common to adult worms, protoscoleces
and metacestode tissue from both E. granulosus and
E. multilocularis. E14-3-3.2 sequences showed diﬀerences
when compared with both E14-3-3.1 (88–86% identity)
and E14-3-3.3 (52% identity). The percentage of identity
between these latter two Echinococcus isoforms is
smaller than that usually observed between diﬀerent
species in a given 14-3-3 isoform family, although higher
than between diﬀerent isoforms from the same species
(Rosenquist et al. 2000). Similarly, isoforms ftt-1 and ftt-
2 from Caenorhabditis elegans showed 90% similarity
(Wang and Shakes 1997). Despite this high similarity,
both sequences represent separate isoforms, which diﬀer,
among other details, in their expression patterns.
Both E. granulosus E14-3-3.1 and E14-3-3.2 isoforms
share higher similarities with the corresponding isoform
in E. multilocularis than with each other. This could
indicate that the duplication event occurred before the
separation of the two species.
The nucleotide alignment of isoforms E14-3-3.1 and
E14-3-3.2 with a third, 5¢-end truncated 14-3-3 isoform
isolated from E. granulosus (Ferna´ndez et al. 2002)
showed much lower similarities (approximately 50%;
data not shown). Thus, E14-3-3.3 corresponds to a dis-
tinct 14-3-3 isoform in Echinococcus, as it fulﬁlls the
expected requirements (Rosenquist et al. 2000).
The coding region of the Echinococcus 14-3-3 gene
characterized in the present work corresponds to the
E14-3-3.2 isoform, interrupted by two introns. We could
not ﬁnd, using the same PCR-based strategy, a genomic
counterpart for isoforms 1, 3 or others. This could be
attributed to a high E14-3-3.1 speciﬁcity of the primers
used in our approach.
Introns 1 and 2 were found in conserved positions
when E. granulosus and E. multilocularis 14-3-3 genes
were compared, although corresponding sequences were
slightly diﬀerent (95% and 89% identity, respectively).
The 14-3-3 intron sequences of the 14-3-3 genes de-
scribed from Plamodium falciparum, P. knowlesi (Al-
Khedery et al. 1999) and C. elegans (Wang and Shakes
1997) showed no signiﬁcant identity or similarity
regarding size, position or sequence with those in the
Echinococcus 14-3-3 gene found during our experiments.
Lack of 14-3-3 intron conservation between diﬀerent
species has been found by other authors when compar-
ing diﬀerent isoforms (e.g., De Vetten and Ferl 1994),
although clear similarities were found when comparing
non-coding sequences from the same 14-3-3 isoform
obtained from diﬀerent organisms (Muratake et al.
1996; Tokooya et al. 2002). Unfortunately, sequences
which could represent orthologous genes when com-
pared with the Echinococcus 14-3-3 gene were not
available.
The number of E. granulosus 14-3-3 genes was as-
sessed by Southern blot. Corresponding results show
that the E. granulosus genome contains more than one
14-3-3 gene, as DNA restriction with enzymes that do
Fig. 3 Southern analysis of E. granulosus genomic DNA. Total
DNA (10 lg/well) was digested with EcoRI, HincII, HindIII, SalI
and XhoI. A cDNA fragment corresponding to nucleotides 57–365
of the coding sequence from the E. granulosus adult worm 14-3-3
isoform 2 (see Fig. 1) was used as probe. Positions of DNA size
markers (Amersham Biosciences phage k digested withHindIII) are
indicated at the left of the ﬁgure. Corresponding hybridization
signals in each well are marked with dots
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not cut in any of the Echinococcus 14-3-3 sequences
known to date (Siles-Lucas et al. 1998; Ferna´ndez et al.
2002; present work) resulted in more than one hybrid-
ization signal, although the signals diﬀered in their
intensity. These results are in agreement with
those found in the literature (Wang and Shakes 1996;
Rosenquist et al. 2000; Ferl et al. 2002), indicating the
common occurrence of several 14-3-3 genes in other
organisms. A discrepancy between the present results
and those obtained before (showing the presence of a
single 14-3-3 gene in E. multilocularis; Siles-Lucas et al.
1998) could be attributed to the use of diﬀerent probes
Fig. 4 Phylogenetic tree of
selected 14-3-3 proteins (see
Materials and methods),
showing the positions of the
Echinococcus 14-3-3 proteins in
bold. The aligned sequences
were analyzed by the neighbor-
joining distance method, using
the MEGA ver. 2.1 program.
Bootstrap values are indicated
at each branch
408
and respective speciﬁcity and/or diﬀerences in the
stringency of the reaction.
The three E14-3-3 isoforms (protein sequences) from
Echinococcus were used here in a phylogenetic approach
to examine their evolution and to look for possible or-
thologous sequences in other organisms. The resulting
phylogenetic tree shows that the Echinococcus 14-3-3.1
and 14-3-3.2 isoforms clustered in a distinct group, to-
gether with two Schistosoma sequences already de-
scribed as zeta-like isoforms (McGonigle et al. 2002).
Thus, our results conﬁrm the close relationship of the
E14-3-3.1 isoform with zeta-type (‘‘pro-tumorigenic’’)
14-3-3 isoforms from other organisms already pointed
out by Siles-Lucas et al. (2001). The position of the
corresponding branch, in a separate cluster from the 14-
3-3 isoforms other than epsilon, suggest that these zeta-
like parasite 14-3-3 proteins diverged earlier from the
epsilon isoform than in other organisms. The third
Echinococcus 14-3-3 isoform (E14-3-3.3) clearly grouped
with the epsilon isoforms described for Schistosoma
mansoni and S. japonicum (McGonigle et al. 2002).
Thus, the E14-3-3.3 sequence represents the epsilon
isoform in Echinococcus.
In summary, we found the presence of an additional
14-3-3 protein isoform and its corresponding gene (E14-
3-3.2) in Echinococcus, which contained two introns.
Comparison between the three Echinococcus isoforms
and 14-3-3 proteins from other organisms showed that
isoforms E14-3-3.1 and E14-3-3.2 lie in the zeta-like
group, while E14-3-3.3 represents the epsilon isoform in
this parasite. It will be of interest now to deﬁne possible
diﬀerences in the functionality and localization of these
three Echinococcus isoforms and their role in parasite
survival and development within the host.
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